regression in July were only negligibly affected by light. The high dose of melatonin induced antigonadal effects in both sexes under 16L : 8D in November and January. The low melatonin dose had progonadal effects under long photoperiod in females that had been maintained for some months under winter conditions and in females during the 8L : 16D regime in July.
Introduction.
The annual reproductive cycle of the three-spined stickleback is influenced by the photoperiod (van den Eeckhoudt, 1946 ; Baggerman, 1957 Baggerman, , 1972 . The photoperiodic effects are, however, strongly dependent on season and temperature (Baggerman, 1957 (Baggerman, , 1972 . During the breeding season the male stickleback displays a hypertrophied kidney and usually a brilliant breeding colour. Renal hypertrophy is androgendependent (Wai and Hoar, 1963) .
In teleosts, the indolamine melatonin (N-acetyl-5-methoxytryptamine) has been demonstrated in the pineal organ of Oncorhynchus (Fenwick, 1970) , in the retina of Platycephalus (Reed and Finnin, 1973) and Salmo (Gern, Owens and Ralph,1978a) and in the plasma of Salmo (Gern, Owens and Ralph, 1978b) . The enzyme, hydroxyindole-0methyltransferase (HIOMT), which catalyses the final step in the synthesis of melatonin, has been demonstrated in the pineal organ and/or retina of several teleosts (Quay, 1965 ; Hafeez and Quay, 1970 ; Smith and Weber, 1976) .
In Salmo the melatonin content of plasma (Gern, Owens and Ralph, 19786 ) and the HIOMT activity in the pineal organ (Smith and Weber, 1976) are considerably higher at night than during the day.
As in other investigated teleosts (e.g. Owman and Rudeberg, 1970), the pineal organ of the three-spined stickleback exhibits indolamine fluorescence after formal-dehyde treatment (van Veen et al., 1980) , demonstrating the presence of 5-hydroxytryptamine (5-HT) and/or 5-hydroxytryptophan (5-HTP). 5-HT and 5-HTP can serve as precursors to melatonin, and their presence indicate its possible synthesis.
The administration of melatonin has in many cases been found to influence photoperiodic effects on reproduction in vertebrates. In teleosts, melatonin has antigonadal effects when reproduction would otherwise be stimulated by long photoperiods (Fenwick, 1970 ; Urasaki, 1972 ; de Vlami ng, Sage and Charlton,1974a, b ; Sundararaj and Keshavanath, 1976 ; Saxena and Anand, 1977) .
The object of our study was to elucidate a possible involvement of melatonin in the annual reproductive cycle of the stickleback.
Material and methods.
Adult three-spined sticklebacks (Gasterosteus aculeatus L.) were caught in Oresund or in the southern Baltic Sea. Each experimental group (containing initially 20 males and females each, except in experiment 3) was placed in an aquarium containing 45 I of artificial brackish water with a salinity of approx. 1.1 p.100. The water was aerated and, in most experiments, filtered. The aquaria contained gravel, but no plants. The fish were fed daily with ground frozen fish meat or frozen opossum shrimps (Neomysis). All the experiments were carried out at a temperature of 20 ± 2 !C. Philips TL 40W/55 fluorescent lamps served as a light source.The light intensity at the watersurface was approx. 250 lux in experiments 3, 4, and 6 and approx.1 1 300 lux in experiments 1, 2, 5, and 7. Mortality was low in all experiments, averaging 1.6 p. 100.
Dates of capture and experiments, photoperiods and melatonin-doses in the different experiments are shown in table 1. The fish were injected with 0.05 ml saline or 0.8 or 4 !.g melatonin in 0.05 ml saline. The melatonin was first dissolved in a few drops of ethanol, which was diluted with saline. A small amount of ethanol was also added to the control saline. The injections were given daily for 21 days, starting at the day after the fish had been put in the experimental tanks and ending the day before dissection. Each day, the fish were caught, injected intraperitoneally (needle diameter 0.4 mm) and put back in the aquarium where they immediately swam as usual. There was little problem with fluid flowing out of the wound. All injections were given within 1 h after the onset of the light phase.
The sticklebacks were not fed on the day of dissection. The fish were weighed alive to the nearest 0.01 g. After decapitation the gonads were excised and weighed to the nearest 0.1 mg. Both gonads were weighed and treated histologically together. Some specimens that were infected with Schizocephalus-type tapeworms were rejected.
Gonads and male trunk kidneys were fixed in Bouin-Hollande fluid or (experiment 1) in Ammerman's fluid (Ammerman, 1950) . After embedding in Paraplast or Histowax, ovaries were sectioned at 7 [ .10m and testes and kidneys at 4 pm. The testes and some of the ovaries were serially sectioned. The sections were stained with the tetrachrome combination Chromotrope 2R, Orange G, Light green and Weigert's haematoxylin.
All histological observations were made blindly. At least six sections of the ovaries or testes from each specimen were studied. Some sections from the same fish were observed independently. Observations of serially-sectioned ovaries revealed a rather uniform histology within a specimen.
In the histological evaluation of the ovaries, the descriptions and photographs of the ovary ofthe brook stickleback, Eucalia (Culaea), by Braekevelt and McMillan (1967) were used. The oocytes were arbitrarily divided into the following developmental classes with the approximately corresponding classes of Braekevelt and McMillan (1967) given in parentheses : A. Non-yolky oocytes (3 and lower) ; B. Some deposition of primary yolk peripherally (early 4) ; C. Heavy accumulation of primary yolk, which, however, does not fill the entire cytoplasm (late 4) ; D. Primary yolk fills the entire cytoplasm (5) ; E. Primary yolk fills the entire cytoplasm, later stage (late 5) ; F. Beginning of deposition of secondary yolk peripherally (6) G. Secondary yolk fills the entire egg, final maturation (7).
Apart from the oocyte maturation, the presence of atretic eggs was also noted. The e ovaries in experiments 1-5 were divided into eight classes : ovaries with a large number of atretic eggs, with no regard to the maturation of non-atretic eggs, formed the first class (Atr.). Ovaries not containing large numbers of atretic eggs were divided into seven classes (A-G) after the status of the most mature healthy oocytes present in n appreciable numbers. It must be noted, however, that all ovaries, except the most immature, contained eggs in different stages of development.
The ovaries of experiments 6 and 7, which almost all contained large numbers of atretic eggs, were classified after the most mature non-atretic eggs present (A-G). Further, the presence of large atretic eggs was noted.
The testes were divided into 3 classes : 1. Spermatozoa dominate ; earlier stages completely or almost lacking ; 2. Intermediate ; 3. Large numbers of spermatogonia and/or spermatocytes present in many lobules, usually together with spermatozoa.
Ten ocular micrometer measurements (five each from two well-separated sections) were taken of the epithelium height of the kidney (KEH) secondary proximal tubules of each male. Body weights, KEH, and gonosomatic indexes were compared by using the nonparametric Mann-Whitney U-test, as the values were not normally distributed. For the same reason standard deviations are not given, since this measurement is only meaningful if the samples are normally distributed and/or large. The maturation status of the ovaries was also compared with the Mann-Whitney U-test after ranking the classes in the following order : Atr., A, B, C, D, E, F, G.
Results.
The results are presented in tables 2 (females) and 3 (males). Spermatogenesis and testicular weights were little influenced by light regime and melatonin. Late autumn. Experiment 1. The long photoperiod (16L : 8D) was stimulatory. In saline and low-dose melatonin-injected males the kidney epithelium height (KEH) was higher under 16L : 8D than under 8L : 16D. There were fewer ovaries with a large number of atretic eggs and also a more advanced oocyte maturation under 16L : 8D than under 8L : 16D (0 and 0.8 vg mel.). The low melatonin dose had no effects on reproduction. The high melatonin dose had an antigonadal effect, viz. decreased the KEH. Under 16L : 8D the high dose had an antigonadal effect on the ovarian histology.
Winter. Experiment 2. 16L : 8D was stimulatory, having virtually the same effects as in experiment 1 when compared with 8L : 16D. Similarily as in experiment 1, the high dose of melatonin had anti-gonadal effects on ovarian histology and KEH in 16L : 8D (only the latter effect was significant). The low dose of melatonin had no effect on male reproduction, but a tendency to increased maturation in the female compared with the saline injected fish was found in 16L : 8D.
Offseasonal breeding group. Experiment 3. These fish were put to breeding in Dec.-Feb. and in winter conditions for a few months prior to the experiment. Low dose melatonin injections increased ovarian maturation, although the development was little advanced in both groups.
Delayed spring group. Experiment 4. The start of breeding was delayed by low temperature treatment.
Melatonin had an insignificant stimulatory effect on the ovaries. Late spring.
Experiment 5. Almost all the specimens reached full maturity regardless of photoperiod and melatonin administration.
End of breeding season. Experiments 6 and 7. In experiment 6 melatonin decreased gonadal weights in both males and females under long photoperiod. In experiment 7 there was a marked decline in ovarian activity that was only weakly influenced by the photoperiod. Almost all the ovaries contained large numbers of atretic eggs. High ovarian weights were usually associated with large numbers of large atretic eggs, i.e. probably previously mature eggs in an early stage of atrophy.ln experiment 7 the ovarian weights in females injected with the low dose of melatonin under 8L : 16D were significantly higher than in both the saline-injected and the high dose melatonin-injected group.
Discussion.
Long photoperiods (16L : 8D) stimulated reproduction (ovarian maturation and male kidney hypertrophy) in November and January, whereas the sticklebacks matured independently of photoperiod in late spring. These results accord with those obtained by Baggerman (1957, 1972) . Baggerman (1957) found that the breeding season lasted longer under long photoperiods than under short ones, while in our study the decline of ovarian activity was little affected by light.
All experiments in the present investigation have been performed at a high temperature which, of course, is not the natural one for sticklebacks in winter in Sweden. The high temperature was used as the photoperiodic effects on reproduction in the three-spined stickleback are manifested much faster in a high than in a low temperature (Baggerman, 1957 (Baggerman, ,1972 .
It is likely that the combination of short photoperiod and high temperature is the cause of the appearance of atretic eggs in many females in experiments 1 and 2. Such atretic eggs are absent in the initial controls that had lived under a short photoperiod/ low temperature regime. Undoubtly it was also the high temperature that caused the rapid maturation in both photoperiodic regimes in experiment 5, considerably in advance of the natural breeding season. The water in the sea was still cold at the beginning of this experiment ; ice was still present. The high dose of melatonin (4 tL g/day) had antigonadal effects in experiments 1 and 2, inhibiting the stimulatory effect of long photoperiods on the kidney and oocyte development. The antigonadal effects in these experiments agree with previous reports on teleosts (Fenwick, 1970 ; Urasaki, 1972 ; de Vlaming, Sage and Charlton, 1974a, b ; Sundararaj and Keshavanath, 1976 ; Saxena and Anand, 1977) , and are in agreement with the theory of melatonin as a mediator of short-day inhibition of reproduction.
More unexpectedly, progonadal effects of melatonin were also found. A highly significant stimulatory effect on ovarian weights by the low dose of melatonin under 8L : 16D was found at the end of the breeding season in experiment 7. When the fish had previously been kept for two or more months under winter conditions (experiments 2, 3 and 4), the low dose (0.8 vg/day) increased ovarian weights and stimulated oocyte maturation under long photoperiods. However, these effects were never strong or highly significant. The progonadal effects of melatonin in experiments 2, 3 and 4 do not resemble the stimulatory effect of long photoperiods since only females were stimulated. Also, the effects of melatonin after the end of the breeding season do not resemble either the effects of short or long photoperiods.
Although progonadal effects of melatonin have been found in higher vertebrates (e.g. Turek, Desjardins and Menaker, 1975) in previous studies on lower vertebrates only antigonadal effects (O'Connor, 1969 ; Fenwick, 1970 ; Urasaki, 1972 ; Levey, 1973 ; de Vlaming, Sage and Charlton,1974a, b ; Sundararaj and Keshavanath, 1976 ; Saxena and Anand, 1977 ; Packard and Packard, 1977 ; Biswas et al., 1978 ; Misra and Thapliyal, 1979 ; Haldar and Thapliyal, 1981) or no effects at all on reproduction (Juszkiewicz and Rakalska, 1965 ; lwamatsu, 1978) have been found.
Turek, Desjardins and Menaker (1975) implanted melatonin-filled capsules of different lengths (25, 50, 100, 150, 200 mm) in male golden hamsters. Under long photoperiod testes and seminal vesicles were well developed in the control animals and in the 25-mm group, and regressed in the other groups. In short photoperiod reproduction was regressed in the 0 and 200-mm groups, and stimulated in the others. In previous studies on the effects of melatonin in lower vertebrates a stronger inhibitory effect on reproduction by high than low doses have sometimes been found (Sundararaj and Keshavanath, 1976 ; Haldar and Thapliyal, 1981) . However, effects of low but not high doses of melatonin on the reproduction of lower vertebrates have not been previously reported.
Tamarkin et at. (1976) found that melatonin injections given late in the day were effective in suppressing reproduction in male and female golden hamsters, whereas injections given in the morning were not. However, de Vlaming, Sage and Charlton (1974a) decreased gonadal weights in the teleost Fundulus with melatonin injections both 2 and 8 hrs after lights-on under long-day conditions. It has been suggested (Reiter, 1976 ; Reiter et al., 1976 ) that melatonin exerts its gonadal effects by influencing the synthesis/release of antigonadotropic peptides in the pineal organ. This possibility has, so far, not been studied at all among lower vertebrates.
It is not likely that the different results obtained in experiments 6 and 7 are due to the different light intensities used (250 resp. 1 300 lux), as Baggerman (1957) found that different light intensities (160-3 230 lux) had at most minor effects on photoperiodic stimulation of reproduction in the stickleback. We think that difference in body size (smaller in experiment 6) is a more likely cause of the discrepancy.
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